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Opinions,  interpretations,  conclusions  and  recommendations  are  those  of  the  author  and  are  not 
necessarily  endorsed  by  the  U.S.  Army. 


. _  Where  copyrighted  material  is  quoted,  permission  has  been  obtained  to  use  such  material. 

_  Where  material  from  documents  designated  for  limited  distribution  is  quoted,  permission 

has  been  obtained  to  use  the  material. 

_  Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not  constitute  an 
official  Department  of  Army  endorsement  or  approval  of  the  products  or  services  of  these 
organizations. 

_y _ In  conducting  research  using  animals,  the  investigator(s)  adhered  to  the  "Guide  for  the  Care 

and  Use  of  Laboratory  Animals,"  prepared  by  the  Committee  on  Care  and  use  of 
Laboratory  Animals  of  the  Institute  of  Laboratory  Resources,  national  Research  Council 
(NIH  Publication  No.  86-23,  Revised  1985). 

j/ _ For  the  protection  of  human  subjects,  the  investigator(s)  adhered  to  policies  of  applicable 

Federal  Law  45  CFR  46. 

_  In  conducting  research  utilizing  recombinant  DNA  technology,  the  investigator(s)  adhered 

to  current  guidelines  promulgated  by  the  National  Institutes  of  Health. 

_  In  the  conduct  of  research  utilizing  recombinant  DNA,  the  investigator(s)  adhered  to  the 

NIH  Guidelines  for  Research  Involving  Recombinant  DNA  Molecules. 

_  In  the  conduct  of  research  involving  hazardous  organisms,  the  investigator(s)  adhered  to 

the  CDC-NIH  Guide  for  Biosafety  in  Microbiological  and  Biomedical  Laboratories. 
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5.  INTRODUCTION: 

The  overall  goal  of  this  research  is  to  understand  how  the  estrogen 
receptor  signal  transduction  pathway  is  altered  during  breast  tumorigenesis 
and  if  enhanced  and/or  aberrant  ER  signal  transduction  increases  the  risk  of 
developing  breast  cancer. 

Current  dogma  suggests  that  the  steroid  hormone,  estrogen  and  its  cellular 
mechanism  of  action  have  a  major  role  in  both  the  development  and  progression  of  human 
breast  cancer.  The  estrogen  receptor  (ER)  is  a  key  component  in  this  mechanism  which 
undergoes  an  apparent  increase  in  level  of  expression  and  likely  a  corresponding  increase 
in  signal  transduction  during  tumorigenesis.  We  and  others  have  compelling  evidence  to 
suggest  that  the  expression  of  the  ER,  its  variants  and  other  isoforms  are  altered  during 
breast  tumorigenesis  (1-5).  While  the  expression  of  specific  ER  variants  and/or  isoforms 
and  their  overall  prevalence  relative  to  wild  type  ER  is  different  between  normal  and 
neoplastic  tissue,  the  pathophysiological  significance  of  these  ER  variants/isoforms  and  their 
potential  influence  in  modulation  of  the  ER  pathway  in  early  progression  of  human  breast 
cancer  is  not  known.  We  propose  to  test  the  hypothesis  that  increased  ER  expression  and 
altered  ER  variant  and/or  isoform  expression  cause  enhanced  and/or  aberrant  ER  signal 
transduction  in  breast  epithelial  cells.  We  propose  that  such  factors  are  altered  during  the 
early  stages  of  pre-neoplastic  progression  that  precede  the  onset  of  invasive  breast  cancer 
and  are  associated  with  an  increased  risk  of  developing  breast  cancer.  Furthermore,  in 
addition  to  the  complexity  of  the  ER-like  molecules  that  may  be  expressed  in  target  tissues, 
there  is  an  increasing  complexity  of  factors  which  can  modulate  the  transcriptional  activity  of 
ER  which  in  turn  could  alter  ER  signal  transduction  pathways  (6).  Recent  identification  of 
several  of  these  cofactors  (coactivators  and  corepressors)  which  can  directly  modulate  the 
transcriptional  activity  of  ER  (7-10),  provides  compelling  rationale  to  examine  their 
expression  in  parallel  to  the  studies  we  have  proposed. 

Our  specific  aim  is  to  determine  if  alteration  of  ER  signal  transduction  and 
ER  variant  and/or  isoform  expression  occurs  during  the  early  stages  of  pre¬ 
neoplastic  progression  that  precede  the  onset  of  invasive  breast  cancer  and 
determine  if  differences  exist  between  normal  women  and  patients  who 
develop  breast  cancer.  A  case/control  retrospective  study  will  be  undertaken  in  which  we 
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will  examine  ER  in  comparable  breast  epithelium  and  lesions  {normal  small  ducts,  benign 
non-proliferative  lesions  (adenosis),  benign  proliferative  ductal  hyperplasia  (PDWA),  and 
ductal  carcinoma  in  situ  (DCIS)}  in  women  with  or  without  invasive  cancer.  ER  level  will  be 
assessed  immunohistochemically,  ER-beta  mRNA  expression  will  be  measured  by  in  situ 
hybridization,  ER  function  will  be  assessed  by  measurement  of  progesterone  receptor  and 
pS2  expression  and  ER  influence  on  proliferation  rate  will  be  assessed  by 
immunohistochemical  measurement  of  Ki-67  in  serial  paraffin  sections.  Other  factors  which 
have  been  recently  identified  to  modify  ER  activity  include  cyclin  D  (11),  MAP  kinase  (12), 
several  cofactors  such  as  SRA  (9),  REA  (10),  and  AIB1  (7).  These  will  be  assessed  in 
parallel  using  antibodies,  if  available,  and  in  situ  hybridization.  We  will  also  study  variant  ER 
mRNA  expression  in  parallel  sections  from  frozen  tissue  blocks,  where  possible,  by  specific 
RT-PCR  assays  to  detect  deleted  and  truncated  ER  variants,  to  determine  their  relative 
expression  with  respect  to  the  wild-type  ER  mRNAs  and  assess  their  potential  role  in  altered 
ER  signaling  activity. 

6.  BODY: 

Task  1. 

Retrospective  study  of  breast  tissue  samples.  Immunohistochemical  and  in  situ  hydridization 
analysis  of  estrogen  receptor  signal  transduction. 

1 .  We  have  identified  blocks  within  pathology  department  archives  from  one  of  two  selected 
centers.  These  blocks  contain  specific  lesions  for  study  and  these  have  now  been  obtained 
from  St  Boniface  Hospital  as  a  set  of  over  300  blocks  for  this  study.  A  similar  retrieval 
exercise  is  also  underway  at  a  second  selected  center  (The  Grace  Hospital,  Winnipeg)  to 
ensure  sufficient  cases  for  the  study.  Details  of  these  cases  are  shown  on  the  attached 
spread  sheets  (appendix  1).  The  Manitoba  Breast  Event  Registry  (MBED)  within  the 
Manitoba  Breast  Tumor  Bank  was  initially  queried  for  all  cases  occurring  at  one  center  (St 
Boniface  Hospital)  over  a  1  year  period  (1997-98).  This  period  was  selected  to  allow  1) 
sufficient  case  numbers  2)  a  wish  to  select  recent  cases  to  ensure  ease  of  retrieval  of 
relatively  recent  blocks/cases  balanced  against  3)  a  wish  to  ensure  that  it  was  unlikely  that 
there  were  clinical  priorities  which  might  necessitate  a  review  of  paraffin  blocks  from  any  of 
the  cases.  This  query  yielded  149  invasive  tumors,  42  in-situ  carcinomas,  62  cases  with 
ductal  or  lobular  hyperplasia  +  other  fibrocystic  changes,  43  cases  with  ductal  or  lobular 
hyperplasia  without  other  fibrocystic  changes,  108  cases  with  other  benign  lesions  only 
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including  4  papillomas,  12  fat  necrosis,  and  43  fibroadenomas,  and  59  cases  with  no 
reported  pathology  (examples  shown  in  sheets  ‘invasive  for  review’,  ‘in-situ’,  ‘DH,LH,+FCC’  ). 

See  appendix  1. 

2.  To  construct  first  a  series  of  cases  for  study  comprising  normal,  benign,  proliferative,  or  in- 
situ  carcinma  lesions  matched  to  a  synchronous  invasive  carcinoma  in  the  same  patient  we 
have  completed  a  detailed  review  of  all  slides  from  all  149  invasive  carcinoma  cases.  The 
results  are  detailed  in  the  attached  spreadsheet  (invasive  reviewed  sheet,  see  appendix  1). 
Specific  blocks  containing  each  pathology  have  now  been  selected  from  each  case  as  noted 
in  the  appropriate  columns  (note  that  the  block  nomenclature/details  vary  by  individual 
pathologists  practice).  The  columns  are  as  follows;  patient#  (MBED  patient#),  lab#  (hospital 
path  lab  #),  age,  agePM  (age  >=55),  invasive,  inv+is,  is,  adh,  dh,  fee,  n,  node  met  (blocks 
containing  invasive  tumor,  in-situ  components  within  invasive  tumor,  in-situ  beyond  invasive 
tumor  margin,  atypical  and  typical  ductal  hyperplasia,  fibrocystic  changes  including  adenosis 
and  apocrine  metaplasia,  normal  ducts/lobules,  nodal  metastasis).  Invasive  tumor  type, 
surgery  date,  operation  type  (codes  provided  in  spreadsheet  ‘MBED  codes’).  From  the  initial 
149  cases,  79  post-menopausal  (>55yrs)  cases  emerged  with  invasive  tumor  and  including 
matching  DCIS  separate  from  the  invasive  tumor  in  19  cases,  ADH  in  10  cases,  TDH  in  24 
cases  for  example. 

We  anticipate  obtaining  a  similar  number  of  cases  from  either  the  second  hospital 
center  and/or  extension  and  review  of  a  more  recent  second  period  of  1998-1999  cases  from 
St  Boniface  hospital. 

3.  Development  and  pilot  testing  of  the  appropriate  controls  are  in  progress.  Initially  we  were 
to  select  tumors  from  the  Manitoba  Breast  Tumorbank  representative  of  negative,  low  and 
high  levels  of  appropriate  gene  expression  to  use  as  controls.  Since  then  an  additional 
method  has  been  published  documenting  the  use  of  cultured  cells  embedded  in  agar  as  a 
control  for  quantitative  immunohistochemical  analysis  of  estrogen  receptor  in  breast  cancer 
(13).  Therefore  we  are  in  the  process  of  pilot  testing  this  as  an  additional  control  in  our  study, 
as  well  as  a  control  for  our  in  situ  hydridization  analyses. 

4.  Preliminary  studies  to  determine  if  certain  estrogen  receptor  cofactors  (6),  which  could 
modulate  ER  transcriptional  activity,  are  altered  in  expression  during  breast  tumorigenesis 
and/or  breast  cancer  progression  in  vivo  have  either  been  completed  {SRA,  REA,  (9,  10)  or 
are  in  progress  (AIB1  (7)  p68  helicase  (14)} . 
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We  have  examined  the  expression  of  a  novel  recently  described  steroid  receptor  RNA 
activator  { SRA )  in  human  breast  tissues.  Initially  the  expression  of  SRA  was  measured  by 
semi-quantitative  reverse-transcription  polymerase  chain  reaction  within  27  independent 
breast  tumors,  spanning  a  wide  spectrum  of  grade,  estrogen  receptor  (ER)  and  progesterone 
receptor  (PR)  levels.  Subgroup  analysis  showed  that  SRA  expression  was  similar  in 
ER+/PR+  (median  =  65.5,  n  =  8)  and  in  ER-/PR-  (median  =  94.6,  n  =  5)  tumors.  Interestingly, 
SRA  expression  in  these  two  subgroups  was  significantly  (Mann-Whitney  rank-sum  test,  p  < 
0.05)  lower  than  that  observed  in  ER+/PR-  (median  =  156.4,  n  =  6)  and  ER-/PR+  (median  = 
144.8,  n  =  8)  tumors.  A  variant  form  of  SRA,  presenting  a  deletion  of  203  bp  within  the  SRA 
core  sequence,  was  also  observed  in  breast  tumor  tissues.  The  relative  expression  of  this 
new  SRA  isoform  correlated  with  tumor  grade  (Spearman  coefficent  r  =  0.53,  n  =  27,  p  = 
0.004).  These  data  suggest  that  changes  in  the  expression  of  SRA  related  molecules  occur 
during  breast  tumor  progression  (15).  These  data  are  now  published  (see  appendix  2). 

As  well,  using  reverse  transcription  polymerase  chain  reaction  assays,  expression  of 
SRA  was  compared  between  adjacent  normal  human  breast  tissue  and  matched  breast 
tumors  from  19  patients.  Core  SRA  RNA  was  detected  in  normal  and  neoplastic  breast 
tissues.  The  level  of  SRA  RNA  was  significantly  (Wilcoxon  test,  p  =  0.0004)  higher  in  breast 
tumors  than  in  matched  normal  breast.  A  deleted  SRA  RNA  was  detected  in  most  samples  of 
normal  breast  and  tumors.  No  differences  occurred  in  the  relative  expression  of  the  deleted 
SRA  between  normal  breast  and  tumors.  Within  the  breast  tumor  cohort  the  relative 
expression  of  the  deleted  SRA  was  positively  correlated  with  tumor  grade  (Spearman  r  = 
0.556,  p  =  0.0135)  and  size  (Spearman  r  =  0.655,  p  =  0.0023).  These  data  suggest  that 
expression  of  core  SRA  is  upregulated  during  breast  tumorigenesis  and  that  changes  in  the 
relative  expression  of  a  deleted  SRA  isoform  occur  during  breast  cancer  progression.  These 
data  have  been  submitted  for  publication  (16)  see  appendix  3). 

Recently,  a  repressor  of  estrogen  receptor  activity  (REA)  also  known  as  BAP37  was 
identified  as  a  repressor  of  ER  (10).  It  was  relevant  therefore  to  determine  if  REA  was 
expressed  in  breast  tissue  and  if  so  was  its  expression  altered  during  tumorigenesis.  We 
measured  REA  mRNA  levels  in  normal  and  neoplastic  human  breast  tissues.  A  single  ~1.7  kb 
REA  mRNA  was  identified  by  Northern  blotting  in  breast  cancer  cells  and  biopsies.  REA 
mRNA  was  measured  by  RT-PCR  in  ER+  breast  tumors  and  matched  adjacent  normal  tissue. 
Some  breast  tumors  (12/19)  contained  higher  levels  of  REA  mRNA  than  their  normal  tissues, 
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but  this  was  not  statistical  significant,  although  as  shown  previously  SRA  RNA,  an  ER 
coactivator,  was  significantly  increased  in  tumors  versus  matched  normal  tissue  in  this  set 
(16).  REA  mRNA  levels  varied  amongst  tumors  and  were  found  to  be  positively  correlated 
(Spearman  r=0.323,  p=0.042)  with  ER  level  (determined  by  ligand  binding)  and  inversely 
correlated  with  grade  (Spearman  r=-0.438,  p  =  0.0054).  However,  estrogen  did  not  regulate 
REA  mRNA  steady  state  levels  in  MCF7  cells  and  progestins  did  not  regulate  REA  mRNA 
steady  state  levels  in  T-47D  human  breast  cancer  cells  in  culture.  These  data  suggest  that 
while  REA  expression  may  not  be  altered  in  early  breast  tumorigenesis,  altered  regulation 
may  contribute  to  breast  cancer  progression.  These  data  are  being  written  up  in  a  manuscript 
and  have  been  submitted  to  AACR  in  abstract  form  (17),  see  appendix  4). 

These  data  suggest  that  alteration  of  factors,  which  can  modulate  ER  signal 
transduction,  occur  during  breast  tumorigenesis  and  provide  a  very  strong  rationale  to 
determine  in  parallel  their  expression  during  the  early  stages  of  pre-neoplastic  progression 
that  precede  the  onset  of  invasive  breast  cancer  and  determine  if  differences  exist  between 
normal  women  and  patients  who  develop  breast  cancer,  in  order  to  assess  a  potential  role  in 
increasing  the  risk  of  invasive  breast  cancer.  See  attached  published  article  and  submitted 
manuscript  and  abstracts,  in  appendices  2,  3  and  4. 

7.  KEY  RESEARCH  ACCOMPLISHMENTS. 

*  identification  of  initial  patient  cohort  for  study. 

*  retrieval,  review  and  collection  of  appropriate  tissues  blocks  for  analyses. 

*  analysis  of  SRA  expression  in  human  breast  tissues  showing  that  SRA  expression  is 
increased  during  human  breast  tumorigenesis. 

*  analysis  of  SRA  expression  in  human  breast  tumors  showing  that  SRA-like  expression 
varies  amongst  human  breast  tumors  and  may  be  altered  during  breast  cancer  progression, 
‘analysis  of  REA  expression  in  human  breast  tissues  showing  that  little  alteration  of  REA 
expression  occurs  during  breast  tumorigenesis  but  its  expression  in  breast  tumors  correlates 
with  markers  of  good  prognosis  i.e.  estrogen  receptor  expression  and  low  grade. 

8.  REPORTABLE  OUTCOMES. 

1.  Leygue  E,  Dotzlaw  H,  Watson  PH,  Murphy  LC  (1999)  Expression  of  the  steroid 
receptor  RNA  activator  (SRA)  in  human  breast  tumors.  Cancer  Res  59:  4190-4193. 

See  appendix  2 
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2.  Leygue  E,  Dotzlaw  H,  Simon  SR,  Watson  PH,  Murphy  LC  (submitted) 

Increased  expression  of  the  steroid  receptor  RNA  activator  (SRA)  during  human 
breast  tumorigenesis.  See  appendix  3 

3,  Simons  SLR,  Parkes  A,  Leygue  E,  Dotzlaw  H,  Watson  PH,  Murphy  LC 
(submitted)  Expression  of  a  repressor  of  estrogen  receptor  (ER)  activity  (REA)  in 
human  breast  tissues.  91st  Annual  Meeting  of  the  AACR,  San  Francisco,  CA, 

April  1-5,  2000.  See  appendix  4 

9.  CONCLUSIONS. 

Our  previous  results  together  with  our  current  results  suggest  that 
estrogen  receptor  mediated  signal  transduction  is  complex  and  multifaceted  in  human 
breast  cancer.  Our  previous  data  suggested  that  altered  expression  of  estrogen 
receptor-a,  estrogen  receptor-[3  and  their  variants  occurs  during  breast  tumorigenesis. 

Our  current  data  suggest  that  expression  of  cofactors  which  enhance  estrogen 
receptor  activity,  e.g.  SRA,  is  increased  during  breast  tumorigenesis  while  expression 
of  cofactors  which  can  repress  estrogen  receptor  activity,  e.g.  REA,  either  does  not 
change  or  is  not  increased  to  a  similar  extent  during  breast  tumorigenesis.  Overall  the 
data  support  the  hypothesis  that  a  substantial  alteration  of  estrogen  signaling 
pathways  occurs  during  human  breast  tumorigenesis.  In  addition  both  our  previous 
and  our  current  data  provide  a  very  strong  rationale  to  determine  in  parallel  estrogen 
receptor  isoform/variant  expression  and  cofactor  expression  during  the  early  stages  of 
pre-neoplastic  progression  that  precede  the  onset  of  invasive  breast  cancer  and 
determine  if  differences  exist  between  normal  women  and  patients  who  develop 
breast  cancer,  in  order  to  assess  a  potential  role  in  increasing  the  risk  of  invasive 
breast  cancer. 
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Abstract 

The  expression  of  the  recently  described  steroid  receptor  RNA  activa¬ 
tor  (SKA)  was  measured  by  semiquantitative  reverse  transcription-PCR 
within  27  independent  breast  tumors,  spanning  a  wide  spectrum  of  grade 
and  estrogen  receptor  (ER)  and  progesterone  receptor  (PR)  levels.  Sub¬ 
group  analysis  showed  that  SRA  expression  was  similar  in  ER+/PR+ 
(median  =  65.5,  n  =  8)  and  in  ER— /PR—  (median  =  94.6,  n  —  5)  tumors. 
Interestingly,  SRA  expression  in  these  two  subgroups  was  significantly 
(Mann- Whitney  rank-sum  test,  P  <  0.05)  lower  than  that  observed  in 
ER+/PR—  (median  =  156.4,  n  —  6)  and  ER— /PR+  (median  =  144.8, 
n  =  8)  tumors.  A  variant  form  of  SRA,  presenting  a  deletion  of  203  bp 
within  the  SRA  core  sequence,  was  also  observed  in  breast  tumor  tissues. 
The  relative  expression  of  this  new  SRA  isoform  correlated  with  tumor 
grade  (Spearman  coefficient  r  =  0.53,  n  =  27,  /’  =  0.004).  These  data 
suggest  that  changes  in  the  expression  of  SRA-related  molecules  occur 
during  breast  tumor  progression. 

Introduction 

Estrogens,  through  their  mitogenic  action  on  breast  epithelial  cells, 
regulate  the  growth  and  the  development  of  normal  as  well  as  neo¬ 
plastic  human  mammary  tissue  (1).  The  ability  of  antiestrogens  such 
tamoxifen  or  raloxifene  to  antagonize  this  estrogenic  action  provides 
the  basic  rationale  for  endocrine  therapy  and  prevention  (for  review 
see  Ref.  2).  Estrogen  action  is  mainly  mediated  through  two  ERs,3 
ER-a  and  ER-/3  (3-5),  which  belong  to  the  steroid/thyroid/retinoic 
acid  receptors  superfamily  (6)  and  act  as  ligand-dependent  transcrip¬ 
tion  factors.  The  mechanisms  by  which  steroid  receptors  modulate  the 
transcription  of  target  genes  is  under  extensive  investigation  (7).  Once 
bound  to  the  ligand,  the  receptors  undergo  conformational  changes 
and  dimers  of  receptors  recognize  specific  regulatory  DNA  sequences 
upstream  of  target  genes.  Activated  receptors,  through  interactions 
with  coactivator  proteins,  direct  the  assembly  and  the  stabilization  of 
a  preinitiation  complex  that  will  ultimately  conduct  the  transcription 
of  these  genes  (see  Ref.  8  and  references  therein).  To  an  already  long 
list  of  nuclear  receptor  coactivators  (8),  which  includes  the  pl60 
proteins  (such  as  SRC-1  and  AIB1),  Lanz  et  al.  (9)  recently  added  the 
SRA.  SRA  differs  from  other  coactivators  in  two  main  ways,  (a)  SRA 
transcripts  do  not  appear  to  be  translated,  and  therefore,  this  coacti¬ 
vator  acts  as  an  RNA  and  not  as  a  protein.  Lanz  et  al.  (9)  showed  that 
SRA  exists  in  a  ribonucleoprotein  complex  that  contains  SRC-1  and  is 
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recruited  by  steroid  receptors.  ( b )  SRA  appears  to  be  actually  specific 
for  steroid  receptors.  Indeed,  most  of  the  receptor-interacting  factors, 
such  as  SRC-1  or  TIF2/hSRC-2,  interact  with  and  coactivate  both 
class  I  and  class  II  nuclear  receptors  (9).  Because  of  the  importance  of 
ER  signaling  pathways  in  the  mechanisms  underlying  breast  tumor 
progression,  it  was  important  to  establish  whether  SRA  could  be 
expressed  in  breast  tumors.  If  so,  it  was  also  of  interest  to  determine 
whether  the  expression  of  SRA  was  related  to  known  markers  of 
endocrine  sensitivity  and  prognostic  markers.  We  have  selected  a 
subset  of  breast  cancer  cases  to  look  for  possible  correlations  between 
SRA  expression  and  already  established  predictive  and/or  prognostic 
factors,  such  as  grade,  ER,  and  PR  status  (10). 

Materials  and  Methods 

Human  Breast  Tumors.  Twenty-seven  cases  were  selected  from  the  Na¬ 
tional  Cancer  Institute  of  Canada-Manitoba  Breast  Tumor  Bank  (Winnipeg, 
Manitoba,  Canada).  The  cases  were  selected  according  to  their  ER  and  PR 
stams,  as  determined  by  ligand  binding  assay.  Tumors  were  classified  as 
ER-/PR+  (n  =  8;  ER  range,  5-9  fmol/mg  protein;  PR  range,  51-271  fmol/mg 
protein),  ER+/PR-  (n  =  6;  ER  range,  59-151  fmol/mg  protein;  PR  range, 
5-10  fmol/mg  protein),  ER-/PR-  ( n  =  5;  ER  range,  0-2  fmol/mg  protein; 
PR  range,  0-8  fmol/mg  protein),  and  ER+/PR+  ( n  =  8;  ER  range,  50-127 
fmol/mg  protein;  PR  range,  101-285  fmol/mg  protein).  These  tumors  covered 
a  wide  spectrum  of  grade  (grades  4-9),  determined  using  the  Nottingham 
grading  system  (11).  Patients  were  49-87  years  old. 

RNA  Extraction  and  RT-PCR.  Total  RNA  was  extracted  from  frozen 
breast  tissue  sections  using  Trizol  reagent  (Life  Technologies,  Inc.,  Grand 
Island,  NY)  according  to  the  manufacturer's  instructions  and  quantified  spec- 
trophotometrically.  One  ju.g  of  total  RNA  was  reverse-transcribed  in  a  final 
volume  of  25  jul,  as  described  previously  (12). 

Primers  and  PCR  Conditions.  The  primers  used  consisted  of  SRAcoreU 
primer  (sense,  5'-AGGAACGCGGCTGGAACGA-3',  positions  35-53;  Gen- 
Bank  accession  no.  AF092038)  and  SRA  core  L  primer  (antisense,  5'-AGTCT- 
GGGGAACCGAGGAT-3',  positions  696  -  678;  GenBank  accession  no. 
AF092038).  PCR  amplifications  were  performed  and  PCR  products  analyzed 
as  described  previously  (12),  with  minor  modifications.  Briefly,  1  jul  of  reverse 
transcription  mixture  was  amplified  in  a  final  volume  of  15  ju.1.  in  the  presence 
of  1 .5  p.Ci  of  [a-3"P]dCTP  (3000  Ci/mmol),  4  ng//xl  each  primer,  and  0.3  unit 
of  Taq  DNA  polymerase  (Life  Technologies,  Inc.).  Each  PCR  consisted  of  30 
cycles  (30  s  at  60°C,  30  s  at  72°C,  and  30  s  at  94°C).  PCR  products  were  then 
separated  on  6%  polyacrylamide  gels  containing  7  M  urea.  Following  electro¬ 
phoresis,  the  gels  were  dried  and  exposed  for  1  h  to  a  Molecular  Imager-FX 
Imaging  screen  (Bio-Rad,  Hercules,  CA).  Amplification  of  the  ubiquitously 
expressed  GAPDH  cDNA  was  performed  in  parallel  and  PCR  products  sepa¬ 
rated  on  agarose  gels  stained  with  ethidium  bromide  as  described  previously 
(12).  Identity  of  PCR  products  was  confirmed  by  subcloning  and  sequencing, 
as  reported  previously  (13). 

Quantification  of  SRA  Expression.  Exposed  screens  were  scanned  using 
a  Molecular  Imager-FX  (Bio-Rad),  and  the  intensity  of  the  SR-\  corresponding 
signal  was  measured  using  Quantity  One  software  (Bio-Rad).  Three  independ¬ 
ent  PCRs  were  performed.  To  control  for  variations  between  experiments,  a 
value  of  100%  was  arbitrarily  assigned  to  the  SRA  signal  of  one  particular 
tumor  (tumor  14)  measured  in  each  set  of  PCR  experiments,  and  all  signals 
were  expressed  as  a  percentage  of  this  signal.  In  parallel,  GAPDH  cDNA  was 
amplified  and  following  analysis  of  PCR  products  on  prestained  agarose  gels, 
signals  were  quantified  by  scanning  using  NIH  Image  161/ppc  software.  Three 
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Fig.  1 .  SRA  structure  and  primer  presentation.  SRA  isoforms  identified  to  date  (9)  differ 
iieir  5'  and  3'  terminal  regions  (■)  but  present  an  identical  nucleotide  sequence  (□)  in 
octween  (SRA  core  sequence,  bases  28  to  720).  SRAcoreU  and  SRAcoreL  primers  anneal 
with  SRA  core  sequences  and  allow  the  amplification  of  a  662-bp  fragment. 


independent  PCRs  were  performed.  Each  GAPDH  signal  was  also  expressed  as 
a  percentage  of  the  signal  observed  in  the  tumor  14.  For  each  sample,  the 
average  of  SRA  signal  was  then  expressed  as  a  percentage  of  the  GAPDH 
signal  (arbitrary  units). 

Quantification  of  SRA -Del  Relative  Expression.  It  has  previously  been 
-own  that  the  coamplification  of  a  wild-type  and  a  deleted  variant  cDNA 
^suited  in  the  amplification  of  two  PCR  products,  the  relative  signal  intensity 
of  which  provided  a  reliable  measurement  of  the  relative  expression  of  the 
deleted  variant  (13,  14).  For  each  sample,  SRA-Del  corresponding  signal  was 
measured  using  Quantity  One  software  (Bio-Rad)  and  expressed  as  a  percent¬ 
age  of  the  corresponding  SRA  signal.  For  each  case,  three  independent  assays 
were  performed,  and  the  mean  was  determined. 

Statistical  Analysis.  Differences  between  tumor  subgroups  were  tested 
using  the  two-sided  Mann-Whitney  rank  sum  test.  Correlation  between  SRA 
expression  and  tumor  characteristics  was  tested  by  calculation  of  the  Spearman 
coefficient  r. 

.Results 

Detection  of  SRA  and  a  Variant  mRNA  Deleted  Form  (SRA- 
Del)  in  Human  Breast  Tumor  Tissues.  The  existence  of  three 
different  SRA  mRNAs  have  been  reported  (9).  The  sequences  of  these 
isoforms  differ  in  their  5'-  and  3 '-terminal  regions  but  are  identical 
within  their  central  region,  called  the  core  (Fig.  1).  To  investigate  the 
expression  of  all  described  SRA  isoforms  in  human  breast  tumor 
tissues,  we  designed  primers  to  amplify  a  662-bp  fragment  encom¬ 
passing  almost  all  of  the  SRA  core  region.  Total  RNA  was  extracted 
rom  27  human  breast  tumors  and  reverse-transcribed,  and  PCR 
amplification  was  performed  as  described  in  the  “Materials  and  Meth¬ 
ods”  using  SRA  core  primers.  A  662-bp  fragment  was  obtained  in  all 
samples.  However,  the  intensity  levels  varied  from  one  sample  to 
another  (Fig.  2A).  This  fragment  was  sequenced  and  corresponded  to 
the  SRA  core  region.  The  differences  in  SRA  expression  were  unlikely 
to  result  from  different  cDNA  input,  as  shown  by  the  similar  inten¬ 
sities  of  GAPDH  signal  obtained  after  amplifying  GAPDH  mRNA  in 
parallel  using  the  same  cDNAs  (Fig.  2 B).  An  additional  fragment, 
migrating  at  an  apparent  size  of  459  bp  was  also  observed  in  most 
samples.  Sequencing  analysis  revealed  that  this  band  corresponded  to 
a  variant  form  of  SRA  (referred  to  as  SRA-Del)  deleted  in  203  bp 
between  positions  155  and  357  (corresponding  to  GenBank  accession 
no.  AF092038). 

The  Expression  of  SRA  Correlates  with  ER  and  PR  Levels  in 
Subgroups  of  Human  Breast  Tumors.  For  each  case,  the  SRA- 
corresponding  signal  was  quantified  and  expressed  in  arbitrary  units, 
as  described  in  “Materials  and  Methods.”  Results  obtained  from  the 
27  cases,  grouped  according  to  their  ER  and  PR  levels,  as  determined 
by  ligand  binding  analysis,  are  presented  Fig.  3A.  When  the  cohort  of 
cases  was  considered  as  a  whole  (n  =  27),  no  correlation  was 
observed  between  SRA  expression  and  ER  or  PR  levels.  Indeed, 
similar  levels  of  SRA  were  found  in  ER+/PR+  (median  =  65.5, 
n  =  8)  and  ER— /PR—  (median  =  94.6,  n  =  5)  tumors  (Fig.  3A). 
However,  when  only  ER—  tumors  were  considered  (n  =  13),  a  trend 
toward  a  positive  correlation  between  SRA  expression  and  PR  levels 
was  observed  (Spearman  coefficient  r  =  0.527,  P  =  0.064).  SRA 
expression  was  higher  in  ER— /PR+  (n  =  8,  median  =  144.8)  than  it 


was  in  ER-/PR—  tumors  (Fig.  3A);  this  difference  was  statistically 
significant  (two-sided  Mann-Whitney  rank  sum  test,  P  =  0.045).  In 
contrast,  within  ER+  cases  ( n  =  14),  SRA  expression  negatively 
correlated  with  PR  levels  (Spearman  coefficient  r  =  —0.810, 
P  =  0.0004).  SRA  expression  was  higher  (two-sided  Mann-Whitney 
rank  sum  test,  P  =  0.001)  in  ER+/PR-  ( n  =  6,  median  =  156.4)  than 
it  was  in  ER+/PR+  cases.  In  a  similar  way,  SRA  expression  corre¬ 
lated  positively  (Spearman  coefficient  r  =  0.735,  P  =  0.009)  and 
negatively  (Spearman  coefficient  r  =  —0.532,  P  =  0.033)  with  ER 
levels  in  PR—  (n  =  11)  and  PR  4-  ( n  =  16)  cases,  respectively.  SRA 
levels  were  higher  in  ER+/PR—  than  in  ER— /PR—  tumors  (two- 
sided  Mann-Whitney  rank  sum  test,  P  =  0.017)  and  in  ER-/PR+ 
than  in  ER+/PR+  cases  (two-sided  Mann-Whitney  rank  sum  test, 
P  =  0.047).  SRA  levels  of  expression  did  not  correlate  with  tumor 
grade  scores  (Fig.  3 B). 

The  Expression  of  SRA -Del  Correlates  with  Breast  Tumor 
Grade  Scores.  For  each  case,  SRA -Del  signal  was  measured  and 
expressed  relative  to  the  corresponding  SRA  signal,  as  described  in  the 
“Materials  and  Methods.”  SRA-Del  relative  signal  did  not  correlate 
with  ER  or  PR  levels  when  the  cohort  of  cases  was  considered  as  a 
whole  or  when  ER— ,  ER+,  and  PR-  subgroups  were  analyzed. 
Interestingly,  SRA -Del  expression  positively  correlated  (Spearman 
coefficient  r  =  0.512,  P  =  0.042)  with  PR  levels  in  PR+  subgroup 
(n  =  16).  However,  no  statistically  significant  differences  (Fig.  4A) 
were  observed  between  ER— /PR+  (n  =  8,  median  =  2.346),  ER+/ 
PR-  (n  =  6,  median  =  2.561),  ER— /PR—  ( n  =  5,  median  =  6.571) 
and  ER+/PR+  (n  =  8,  median  =  3.528).  By  contrast,  SRA-Del  levels 
strongly  correlated  (Spearman  coefficient  r  =  0.530,  P  =  0.004)  with 
Nottingham  grade  scores  within  the  whole  cohort  ( n  =  27).  The  level 
of  expression  of  SRA  was  significantly  higher  (two-sided  Mann- 
Whitney  rank  sum  test,  P  <  0.05)  in  tumors  of  high  grade  (n  =  7, 
median  =  6.572)  than  it  was  in  tumors  of  low  ( n  =  4,  me¬ 
dian  =  2.192)  or  intermediate  (n  =  9,  median  =  2.588)  grade  (Fig. 
4  B). 

Discussion 

Using  primers  annealing  with  the  core  region  of  the  three  previ¬ 
ously  described  SRA  isoforms  (9),  we  have  investigated  SRA  expres¬ 
sion  in  27  independent  breast  tumors  by* means  of  semiquantitative 
RT-PCR.  These  SRA  isoforms,  although  different  in  their  5'-  and 
3 '-terminal  regions,  are  all  able  to  coactivate  steroid  receptor.  Indeed, 
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Fig.  2.  Detection  of  SRA  in  human  breast  tumors  by  RT-PCR.  Total  RNA  was  extracted 
from  27  breast  tumors,  reverse-transcribed,  and  analyzed  by  PCR  as  described  in  “Ma¬ 
terials  and  Methods.”  PCR  products  were  separated  on  6%  acrylamide  gels.  Gels  were 
dried  and  exposed  1  h  to  a  Molecular  Imager-FX  Imaging  screen.  Screens  were  then 
scanned  using  a  Molecular  Imager-FX.  A ,  computerized  image  showing  the  results 
obtained  for  13  cases  ( Lanes  1-13).  Lane  M,  molecular  weight  marker  (<f>xl74  RF 
DNA///ridII  fragments).  Lane  C,  control  lane,  no  cDNA  added  in  the  PCR.  Sequencing 
analysis  of  PCR  fragments  revealed  that  the  662-bp  (SRA)  and  459-bp  (SRA-Del) 
fragments  corresponded  to  SRA  and  to  a  variant  SRA  isoform  deleted  in  sequences  from 
position  155  to  357  (GenBank  accession  no.  AF092038),  respectively.  B ,  ethidium 
bromide-stained  gel  of  the  RT-PCR  analysis  of  GAPDH  mRNA  run  in  parallel  for  the 
same  samples. 
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Fig.  3.  Subgroup  analysis  of  SRA  expression  within  27  human  breast  tumors.  For  each 
case,  SRA  expression  was  quantified  and  expressed  in  arbitrary  units  as  described  in 
“Materials  and  Methods.”  A,  tumors  were  grouped  according  to  their  ER  and  PR  status, 
as  determined  by  ligand  binding  assay.  □,  ER-/PR+  tumors;  •,  ER+/PR-  tumors;  ■. 
ER-/PR-  tumors;  and  O,  ER+/PR+  tumors.  B,  tumors  were  grouped  according  to  their 
grade;  low  (Nottingham  grading  scores  4-5),  intermediate  (Nottingham  grading  scores 
6-7),  and  high  (Nottingham  grading  scores  8-9).  The  horizontal  line  represents  the 
median  value  in  each  group.  Ps  (two-sided  Mann- Whitney  rank  sum  test)  are  indicated 
when  subgroups  were  statistically  different,  ns;  no  statistically  significant  differences  were 
found  between  subgroups. 

SRA  core  region  was  found  to  be  necessary  and  sufficient  for  the 
coactivation  properties  of  SRA  isoforms  (9).  Therefore,  although  PCR 
performed  using  primers  spanning  the  SRA  core  region  is  likely  to 
recognize  several  different  SRA-like  molecules,  the  signal  obtained 
corresponds  to  molecules  that  should  all  have  essentially  the  same 
function,  i.e.,  coactivation  of  steroid  receptors. 

The  expression  of  SRA  did  not  correlate  with  ER  or  PR  status  when 
the  cohort  was  considered  as  a  whole.  This  differs  from  what  has  been 
observed  for  another  coactivator,  AIB1.  Indeed,  Anzick  et  al.  (15)  first 
showed  that  a  strong  expression  of  AIBl  that  resulted  from  AIB1  gene 
amplification  was  observed  in  ER+  but  not  in  ER—  breast  cancer  cell 
lines.  More  recently,  Bautista  et  al.  (16)  reported  that  AIBl  gene 
amplification  correlated  with  ER  and  PR  positivity.  Our  results  sug¬ 
gest  that  the  pattern  of  expression  of  SRA  is  more  complex.  Indeed,  we 
found  that  SRA  expression  could  correlate  positively  or  negatively 
with  ER  and  PR  levels,  depending  on  the  subgroup  considered.  The 
general  trend  appeared  to  be  that,  in  tumors  expressing  a  low  level  of 
one  receptor  (ER  or  PR),  a  positive  correlation  was  found  between 
SRA  expression  and  the  second  receptor  (PR  or  ER).  Inversely,  in 
tumors  highly  expressing  one  receptor  (ER  or  PR),  SRA  expression 
negatively  correlated  with  the  level  of  expression  of  the  second 


receptor  (PR  or  ER).  At  this  stage  of  the  knowledge  of  SRA  biological 
function,  the  interpretation  of  such  an  observation  is  difficult.  Indeed, 
SRA  has  been  shown  to  be  able  to  coactivate  both  ER  and  PR  (9). 
Moreover,  progestins  are  known  to  decrease  the  steady  state  levels  of 
ER-a  mRNA  and  protein,  whereas  estrogens  increase  PR  expression 
(17,  18).  Therefore,  all  combinations  and  cross-talk  appear  possible. 
One  could  speculate  that  increased  levels  of  SRA  in  ER— /PR+  cases 
could  partially  be  responsible,  by  “boosting”  the  activity  of  the  weakly 
expressed  ER,  of  the  expression  of  PR  in  these  tumors.  Inversely,  in 
the  same  ER— /PR+  cases,  the  strong  SRA  expression  could  be 
responsible  for  an  increased  down-regulation  of  ER  by  PR.  Our  results 
suggest  that  SRA  expression  varies  from  one  particular  tumor  to 
another.  Changes  in  SRA  expression  can  be  associated  with  known 
prognostic  and  predictive  factors  such  as  ER  and  PR  in  particular 
tumor  subgroups.  The  question  of  a  direct  involvement  of  SRA  in  the 
hormonal  status  changes  occurring  during  breast  tumor  progression 
remains  unanswered.  Also  of  interest  is  the  fact  that  SRA  interacts 
with  the  activation  function  1  of  the  steroid  receptors  (9).  Activation 
function  1  is  thought  to  mediate  the  agonistic  effect  of  antiestrogens 
such  hydroxytamoxifen  (19).  This  agonistic  action  of  antiestrogens  is 
believed  to  be  involved  in  part  in  the  mechanisms  underlying  hormone 
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Fig.  4.  Subgroup  analysis  of  SRA- Del  relative  expression  within  27  human  breast 
tumors.  For  each  case.  SRA-D3  expression  relative  to  SRA  was  quantified  as  described  in 
“Materials  and  Methods.”  A ,  tumors  were  grouped  according  to  their  ER  and  PR  status, 
as  determined  by  ligand  binding  assay.  □,  ER— /PR+  tumors;  •,  ER+/PR—  tumors;  ■. 
ER— /PR—  tumors;  and  O.  ER+/PR  +  tumors.  B,  tumors  were  grouped  according  to  their 
grade:  low  {Nottingham  grading  scores  4-5),  intermediate  (Nottingham  grading  scores 
6-7).  and  high  (Nottingham  grading  scores  8-9).  The  horizontal  line  represents  the 
median  value  in  each  group.  Ps  (two-sided  Mann-Whitney  rank  sum  test)  are  indicated 
when  subgroups  were  statistically  different,  ns;  no  statistically  significant  differences  were 
found  between  subgroups. 
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resistance  in  breast  cancer.  One  could  speculate  that  the  level  of  SRA 
expression  might,  therefore,  modulate  and  predict  the  response  of  a 
given  tumor  to  hormone  therapy.  This  hypothesis  appears  to  be 
refuted  by  the  observation  of  similar  levels  of  SRA  in  ER+/PR+  and 
ER-/PR-  tumors.  But  ER+/PR+  tumors,  as  opposed  to  ER-/PR— 
tmors,  are  likely  to  respond  to  endocrine  therapy  and  prevention  (see 
<ef.  2  and  references  therein).  In  these  cases,  the  differences  in  ER 
levels  rather  than  in  SRA  expression  are  more  likely  involved  in  the 
mechanisms  underlying  endocrine  sensitivity.  On  the  other  hand,  the 
observation  of  a  higher  SRA  expression  within  ER— /PR+  cases, 
which  are  more  likely  to  respond  to  hormone  therapy  than  ER-/PR— 
tumors  (see  Ref.  20  and  references  therein),  would  be  consistent  with 
the  hypothesis  of  a  possible  involvement  of  SRA  in  these  mechanisms 
under  some  circumstances.  One  should  also  note  that  Bems  et  al.  (21) 
recently  reported  that,  although  no  correlation  was  found  between  the 
xpression  of  SRC-1  and  ER  status,  a  high  expression  of  this  coacti¬ 
vator  indicated  a  favorable  response  to  tamoxifen  of  patients  with 
recurrent  breast  cancer.  This  issue  can  only  be  addressed  in  studies 
performed  on  tumors  from  patients  that  did  and  did  not  respond  to 
endocrine  therapy. 

We  have  identified  in  breast  tumor  cases  a  new  SRA  isoform 
deleted  in  sequences  from  nucleotide  155  to  357  (SRA-Del).  Interest¬ 
ingly,  sequence  comparison  using  the  BLAST  algorithm  and  the 
human  EST  database  showed  that  this  deleted  SRA  isoform  has 
already  been  found  in  a  pooled  cDNA  library  containing  cDNAs  from 
melanocyte,  fetal  heart,  and  pregnant  uterus  (GenBank  accession  no. 
AA426601).  Because  uterus  is  another  steroid  target  tissue,  it  could  be 
hypothesized  that  the  source  of  SRA-Del  in  this  pooled  library  was, 
indeed,  uterus.  Even  though  the  structure  of  the  SRA  gene  has  not  yet 
been  published,  SRA-Del  appears  to  correspond  to  a  perfect  exon-3 
deleted  SRA  variant.  SRA  gene  has  recently  been  located  on  chromo¬ 
some  5q3 1.3-32. 4  Sequence  analysis  of  the  corresponding  DNA  se¬ 
quence  (chromosome  5,  BAC  clone  3 1907;  GenBank  accession  no. 
AC005214)  revealed  that  the  fragment  from  nucleotide  155  to  357 
corresponds  to  the  third  SRA  exon.  The  putative  function  of  .SRA -Del 
remains  to  be  determined.  One  should,  however,  note  that  a  recom- 
binantly  developed  SRA  mutant,  deleted  of  the  region  3'  of  a  Bbsl  site 
(position  341)  and,  therefore,  partially  deleted  of  exon  3  sequences, 
did  not  coactivate  steroid  receptors  (9).  Moreover,  exon  3  deletion 
introduces  a  shift  in  the  open  reading  frames,  suggested  by  Lanz  et  al. 
(9),  and  could  lead  to  a  premature  termination  of  the  putative  SRA 
proteins.  One  could,  therefore,  hypothesize  that  SRA -Del  might  inter¬ 
fere  with  SRA  activity.  The  resulting  modifications  of  the  steroid 
receptor  signaling  pathways  could  confer  a  more  aggressive  behavior 
to  the  tumors  expressing  higher  levels  of  SRA-Del.  The  positive 
correlation  between  SRA-Del  levels  and  tumor  grade  scores  would  be 
consistent  with  this  hypothesis. 

Interestingly,  modifications  of  the  long  arm  of  the  chromosome  5 
have  been  reported  in  breast  tumors.  Indeed.  Hermsen  et  al.  (22) 
found  a  frequent  chromosomal  gain  in  5q  within  a  subset  of  53  lymph 
node-negative  breast  carcinoma,  whereas  Schwendel  et  al.  (23)  ob¬ 
served  a  frequent  loss  of  this  region  in  39  invasive  breast  carcinomas. 
Moreover,  among  BRCA1  mutation  carriers,  loss  of  5q  was  observed 
more  frequently  than  in  the  control  patient  (24).  One  could,  therefore, 
speculate  that  the  loss  of  SRA  is  selected  for  during  tumor  progression 
in  cells  lacking  BRCA1  functional  gene.  Whether  changes  in  SRA 
expression  result  from  chromosomal  abnormalities  remains  to  be 
determined. 


4  http://www.ncbi.  nlm.nih.gov/genemap/loc.  cgi?lD=  12637. 


In  conclusion,  we  have  shown  that  SRA  is  expressed  in  breast 
tumors  and  that  its  expression  correlates  with  ER  and  PR  levels  in 
particular  tumor  subgroups.  We  speculate  that  changes  in  SRA  ex¬ 
pression  could  be  involved  in  the  mechanisms  underlying  tumor 
progression  and  hormone  resistance. 
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Abstract. 

Background:  SRA,  a  novel  steroid  receptor  coactivator,  which  is  active 
as  an  RNA  molecule  has  recently  been  identified.  Furthermore,  we  have 
previously  detected  the  expression  of  SRA  RNA  in  human  breast  tumor  biopsy 
samples,  which  suggested  that  it  could  be  involved  in  regulation  of  steroid 
hormone  receptor  activity  in  human  breast  cancers.  Purpose:  Since  estrogen 
receptor-a  expression  is  upregulated  in  human  breast  tumorigenesis  it  was  of 

interest  to  determine  if  SRA  was  expressed  in  normal  human  breast  tissue  and 
if  so  was  its  expression  altered  in  human  breast  tumors.  Methods:  Using 
reverse  transcription  polymerase  chain  reaction  assays,  expression  of  SRA  was 
compared  between  adjacent  normal  human  breast  tissue  and  matched  breast 
tumors  from  19  patients.  Results:  Core  SRA  RNA  was  detected  in  both  normal 
and  neoplastic  breast  tissues.  The  level  of  SRA  RNA  was  found  to  be 
significantly  (Wilcoxon  matched  pairs  test,  p  =  0.0004)  higher  in  breast  tumors 
than  in  the  matched  normal  breast.  A  deleted  SRA  RNA  was  detected  in  most 
samples  of  normal  and  neoplastic  breast  tissues.  No  differences  occurred  in  the 
relative  expression  of  the  deleted  SRA  between  normal  breast  and  tumors. 
However,  within  the  breast  tumor  cohort  the  relative  expression  of  the  deleted 
SRA  was  positively  correlated  with  tumor  grade  (Spearman  coefficient,  r  = 
0.556,  p  =  0.0135)  and  size  (r  =  0.655,  p  =  0.0023).  Conclusion:  Core  SRA 
RNA  and  a  deleted  SRA  RNA  are  present  in  both  normal  and  neoplastic  human 
breast  tissues.  The  expression  of  SRA  is  significantly  increased  in  breast  tumors 
compared  to  the  adjacent  normal  breast  tissue.  The  relative  expression  of  the 
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deleted  SRA  was  increased  in  those  tumors  with  markers  of  a  poorer  prognosis. 
Implications:  These  data  suggest  that  expression  of  core  SRA  is  upregulated 
during  breast  tumorigenesis  and  could  contribute  to  altered  steroid  receptor 
activity  in  breast  tumors,  which  may  in  turn  effect  hormone  responsiveness. 
Further,  changes  in  the  relative  expression  of  a  deleted  SRA  isoform  occur 
during  breast  cancer  progression  and  may  have  some  role  in  breast  cancer 
progression. 
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Introduction. 

Recently,  a  novel  steroid  receptor  coactivator,  SRA  (/)  was  isolated 
and  characterized.  Interestingly,  the  available  data  suggest  that  the  SRA  RNA 
transcript  is  the  functionally  important  molecule  with  respect  to  its  steroid 
receptor  activator  activity  (i)  and  is  found  within  ribonucleoprotein  complexes 
which  may  also  contain  other  steroid  receptor  activators  such  as  SRC-1  (2) 
which  are  functional  as  proteins.  Previously,  we  have  detected  the  expression 
of  SRA  RNA  in  human  breast  tumor  biopsy  samples  (3).  In  contrast  to  another 
steroid  receptor  activator,  AIB1,  whose  overexpression  is  correlated  with 
estrogen  (ERa)  and  progesterone  receptor  (PR)  expression  ( 4)  SRA  expression 

was  not  correlated  overall  with  steroid  receptor  status  as  measured  by  ligand 
binding  assays  (3).  Although  the  expression  of  a  deleted  form  of  SRA  RNA  was 
found  to  correlate  with  increasing  tumor  grade,  the  total  expression  of  SRA-like 
RNA  was  unrelated  to  markers  of  progression  and  endocrine  sensitivity  in 
human  breast  tumors  overall  (3).  These  previous  results,  however,  did  not 
address  the  possibility  that  SRA  expression  could  be  altered  during  breast 
tumorigenesis.  Since  estrogen  receptor  signaling  is  thought  to  be  altered  during 
breast  tumorigenesis  as  well  as  breast  cancer  progression,  we  have  tested  the 
hypothesis  that  altered  expression  of  SRA  is  associated  with  breast 
tumorigenesis  and  therefore  could  contribute  to  altered  estrogen  signaling 
during  breast  tumorigenesis. 
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Materials  and  Methods. 

Human  Breast  Tissues. 

Nineteen  ER  positive  primary  human  breast  tumor  biopsies  (ER  positivity 
defined  as  >  3  fmol/mg  protein  in  classical  ligand  binding  assays)  were  selected 
from  the  National  Cancer  Institute  of  Canada-Manitoba  Breast  Tumor  Bank 
(Winnipeg,  Manitoba,  Canada).  The  ER  levels  ranged  from  3.7  -  83  fmol/mg 
protein  and  the  PR  levels  ranged  from  2.7  -  112  fmol/mg  protein  (PR  positivity 
defined  as  >  10  fmol/mg  protein  in  classical  ligand  binding  assays;  14  tumors 
were  PR+  and  5  tumors  were  PR  -).  For  each  case,  matched  adjacent  normal 
and  tumor  frozen  tissue  blocks  were  available.  The  quality  of  each  block  and  the 
relative  cellular  composition  was  determined  by  the  histopathological 
assessment  of  sections  from  adjacent  mirror  image  paraffin-embedded  tissue 
blocks,  as  previously  described  (5).  The  presence  of  normal  ducts  and  lobules 
as  well  as  the  absence  of  any  atypical  lesion  was  confirmed  in  all  normal  tissue 
specimens.  The  tumors  spanned  a  wide  range  of  grades  (grade  scores  5-9)  as 
determined  by  the  Nottingham  grading  system  (6),  and  ranged  in  size  from  0.6  - 
6.4  cm. 

RNA  Extraction  and  RT-PCR  conditions. 

Total  RNA  was  extracted  from  20  Jim  frozen  tissue  sections  (20  sections 

per  tumor;  35  sections  for  normal  tissues)  using  Trizol™  reagent  (Life 
Technologies,  NY)  according  to  the  manufacturer's  instructions  and  quantified 
spectrophotometrically.  One  pg  of  total  RNA  was  reverse  transcribed  in  a  final 


volume  of  25  pi  as  previously  described  (7). 
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Primers  and  PCR  conditions. 

The  primers  used  were  SRAcoreU  primer  (5’- 
AGGAACGCGGCTGGAACGA  -3’;  sense;  positions  35-53,  Genbank  accession 
number  AF092038)  and  SRAcoreL  primer  (5’-  AGTCTGGGGAACCGAGGAT  - 
3’;  antisense;  position  696-678,  Genbank  accession  number  AF092038).  PCR 
amplifications  were  performed  and  PCR  products  analyzed  as  previously 
described  (7)  with  minor  modifications.  Briefly,  1  pi  of  reverse  transcription 
mixture  was  amplified  in  a  final  volume  of  15  pi,  in  the  presence  of  1.5  pCi  of 
(a-32P)  dCTP  (3000  Ci/mmol),  4  ng/pl  of  each  primer  and  0.3  unit  of  Taq  DNA 
polymerase  (Gibco  BRL,  Grand  Island,  NY).  Each  PCR  consisted  of  30  cycles 
(30  sec  at  60°C,  30  sec  at  72°C  and  30  sec  at  94°C).  PCR  products  were  then 
separated  on  6%  polyacrylamide  gels  containing  7M  urea.  Following 
electrophoresis,  the  gels  were  dried  and  exposed  2  hours  to  a  Molecular 
lmager™-FX  Imaging  screen  (Bio-Rad,  Hercules,  CA).  Amplification  of  the 
ubiquitously  expressed  glyceraldehyde-3-phosphate  dehydrogenase 
(< GAPDH)  cDNA  was  performed  in  parallel  and  PCR  products  separated  on 
agarose  gels  stained  with  ethidium  bromide  as  previously  described  (7). 
Identity  of  PCR  products  was  confirmed  by  subcloning  and  sequencing,  as 
previously  reported  (8). 

Quantification  of  SRA  expression. 

Exposed  screens  were  scanned  using  a  Molecular  lmager™-FX  (Bio- 
Rad,  Hercules,  CA)  and  the  intensity  of  the  signal  corresponding  to  SRA  was 
measured  using  Quantity  One™  software  (Bio-Rad,  Hercules,  CA).  Three 
independent  PCRs  were  performed.  In  order  to  control  for  variations  between 
experiments,  a  value  of  100%  was  arbitrarily  assigned  to  the  SRA  signal  of 
one  particular  tumor  (tumor  #14)  measured  in  each  set  of  PCR  experiments 
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and  all  signals  were  expressed  as  a  percentage  of  this  signal.  In  parallel, 
GAPDH  cDNA  was  amplified  and  following  analysis  of  PCR  products  on 
prestained  agarose  gels,  signals  were  quantified  by  scanning  using 
MultiAnalyst™  (Bio-Rad,  Hercules,  CA).  Three  independent  PCRs  were 
performed.  Each  GAPDH  signal  was  also  expressed  as  a  percentage  of  the 
signal  observed  in  the  tumor  #14.  For  each  sample,  the  average  of  SRA  signal 
was  then  expressed  as  a  percentage  of  the  GAPDH  signal  (arbitrary  units). 

Quantification  of  the  relative  expression  of  the  deleted  SRA 
variant  RNA. 

It  has  previously  been  shown  that  the  co-amplification  of  a  wild-type 
and  a  deleted  variant  cDNA  resulted  in  the  amplification  of  two  PCR  products, 
the  relative  signal  intensity  of  which  provided  a  reliable  measurement  of  the 
relative  expression  of  the  deleted  variant  (8,9).  For  each  sample,  SRAdel 
corresponding  signal  was  measured  using  Quantity  One™  software  (Bio-Rad, 
Hercules,  CA)  and  expressed  as  a  percentage  of  the  corresponding  core  SRA 
signal.  For  each  case,  3  independent  assays  were  performed  and  the  mean 
determined. 

Statistical  analysis 

Differences  between  normal  samples  and  their  matched  tumors  were 
tested  using  the  Wilcoxon  matched  pairs  test,  two-tailed.  Correlation  between 
SRA  expression  and  tumor  characteristics  was  tested  by  calculation  of  the 
Spearman  coefficient  r. 
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Results. 

Detection  of  SRA  and  a  deletion  variant  RNA  form  in  both  normal 
and  neoplastic  human  breast  tissues. 

Using  the  SRA  specific  primers  described  in  the  “Materials  and 
Methods”  section,  which  amplify  the  core  SRA  sequences  (Figure  1)  as 
described  by  Lanz  et  at.,  ( 1 ),  we  have  previously  detected  two  PCR  products  of 
662  bp  and  459  bp  in  human  breast  tumors  (3).  Cloning  and  sequencing 
revealed  the  identity  of  the  662  bp  fragment  with  the  SRA  core  region  (I),  and 
the  459  bp  fragment  as  a  variant  form  of  SRA  deleted  in  203  bp  between 
positions  155  and  357  (Figure  1,  as  numbered  according  to  Genbank 
accession  number  AF092038).  The  current  analysis  identified  the  662  bp 
product  in  all  breast  tissue  samples  assayed,  both  normal  and  neoplastic.  As 
well,  a  459  bp  product  corresponding  to  a  SRA  transcript  deleted  in  203 
nucleotides  was  detected  in  the  majority  of  tumors  (n  =  18)  and  normal 
samples  (n  =  17),  and  always  together  with  the  662  bp  product  (Figure  2). 
Therefore,  SRA  core  sequences  are  expressed  in  all  human  breast  tissues 
and  the  expression  of  the  deleted  SRA  transcript  is  not  tumor  specific. 
Comparison  of  the  expression  of  SRA  and  deleted  SRA  in 
adjacent  normal  breast  tissue  and  matched  primary  breast  tumors. 

To  determine  whether  alterations  in  core  SRA  expression  occur  during 
breast  tumorigenesis,  the  expression  of  SRA  RNA  was  measured  in  primary 
tumor  tissues  and  their  adjacent  matched  normal  breast  tissues  from  19 
different  patients,  as  described  in  the  Materials  and  Methods  section.  The 
analysis  was  confined  to  tissues  from  women  whose  breast  tumor  was  ER+,  as 
determined  by  ligand  binding  assays.  Examples  of  the  results  obtained  are 
shown  in  Figure  2.  The  expression  of  SRA  corrected  for  the  GAPDH  signal  in 
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each  tissue  sample  for  all  the  matched  normal  and  tumor  pairs  is  shown  as  a 
scatter  graph  in  Figure  3A.  The  level  of  expression  of  core  SRA  was  found  to 
be  significantly  higher  (Wilcoxon  matched  pairs  test,  p  =  0.0004)  in  the  tumor 
samples  compared  to  their  adjacent  normal  breast  tissue.  When  the  deleted 
SRA  is  detected,  the  expression  of  the  variant  SRA  transcript  relative  to  the 
core  SRA  expression  was  not  significantly  different  between  normal  breast 
tissues  and  their  matched  adjacent  breast  tumors  (Figure  3B).  These  data 
suggest  that  core  SRA  expression  is  upregulated  during  breast  tumorigenesis, 
but  the  relative  expression  of  a  deleted  SRA  variant  is  not  altered  during 
breast  tumorigenesis. 

Correlation  of  SRA  expression  and  the  relative  expression  of 
deleted  SRA  with  tumor  characteristics. 

The  level  of  core  SRA  expression  in  the  tumor  cohort  used  in  this  study 
was  not  correlated  with  PR  status,  grade,  tumor  size  or  nodal  status.  However, 
the  relative  expression  of  the  deleted  SRA  transcript  in  the  tumors  was 
positively  correlated  with  grade  score  (Spearman  r  =  0.556,  p  =  0.0135),  and 
tumor  size  (Spearman  r  =  0.655,  p  =  0.0023)  but  was  not  correlated  with  PR 
status  or  nodal  status.  These  data  suggest  that  increased  relative  expression 
of  a  deleted  SRA  variant  is  more  likely  to  occur  in  those  breast  tumors  with 
characteristics  of  a  poorer  prognosis,  and  may  be  associated  with  breast 
tumor  progression. 

Discussion. 

SRA  is  a  novel  steroid  hormone  receptor  activator.  In  particular  it  is 
different  from  other  steroid  receptor  coactivators  in  three  important  ways:  firstly 
it  functions  as  a  RNA  molecule  rather  than  a  protein;  secondly,  it  is  specific  for 
steroid  hormone  receptors;  and  thirdly,  rather  than  effecting  AF2  of  steroid 
hormone  receptors,  it  is  specific  for  the  AF1  domain  of  these  receptors  (/). 
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Since  steroid  hormones,  in  particular  estrogen,  play  an  important  role(s)  in  the 
growth  and  function  of  both  the  normal  and  neoplastic  human  breast  (10,11) 
and  since  altered  estrogen  receptor  signaling  likely  occurs  both  in  breast 
tumorigenesis  and  breast  cancer  progression  (12-15),  alteration  of  factors 
which  may  influence  ER  activity  during  breast  tumorigenesis  and/or 
progression  are  highly  relevant  to  investigate  in  human  breast  tumorigenesis 
in  vivo  (16,17).  Moreover,  there  are  data  which  support  increased  expression 
of  at  least  one  steroid  receptor  activator,  AIB1,  in  human  breast  cancers  in 
vivo  (18).  However,  AIB1  functions  as  a  protein,  and  its  site  of  action  is 
associated  with  the  ligand  activated  AF2  function  of  nuclear  receptors 
generally  (18,19).  In  contrast,  SRA’s  site  of  action  is  the  ligand  independent 
AF1  function  (1)  of  steroid  hormone  receptors,  which  in  the  case  of  ERa  is 
thought  to  be  important  for  cross-talk  between  growth  factor/MAP  kinase 
pathways  (20,21),  and  is  likely  involved  in  mediating  the  agonist  activity  of 
antiestrogens  such  as  tamoxifen.  This  underscores  the  importance  of 
investigating  factors  which  modulate  specifically  the  AF1  activity  of  steroid 
hormone  receptors  in  human  breast  tumorigenesis  since  marked  alterations  in 
estrogen  and  antiestrogen  responsiveness  are  known  to  occur  during  breast 
tumorigenesis  and  breast  cancer  progression.  Furthermore,  since 
antiestrogens  such  as  tamoxifen  have  recently  been  shown  to  be  efficacious 
in  the  prevention  of  breast  cancer  (22),  an  understanding  of  the  expression 
and  role  of  factors  likely  to  effect  tissue  responsiveness  to  estrogens  and 
antiestrogens  in  human  breast  is  absolutely  necessary. 

The  data  presented  in  our  study  suggest  that  the  expression  of  the  SRA 
is  significantly  increased  in  ER  positive  human  breast  tumors  in  vivo  compared 
to  their  adjacent  matched  normal  breast  tissue.  Since  SRA  is  functional  as  a 
steroid  receptor  activator  as  a  RNA  molecule  (/),  measurement  of  the  level  of 
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SRA  RNA  likely  reflects  functional  equivalents  of  this  molecule  in  the  breast 
tissues,  and  therefore  our  data  support  the  hypothesis  that  the  activity  of  this 
receptor  activator  is  significantly  upregulated  during  human  breast 
tumorigenesis  and  therefore  may  have  a  role  in  increasing  estrogen  receptor 
signal  transduction  and  sensitivity  during  breast  tumorigenesis.  Interestingly, 
our  previous  data  ( 3 )  suggest  that  the  level  of  expression  of  SRA  in  primary 
tumors,  in  contrast  to  AIB1  ( 4 ),  is  not  correlated  with  ER  and  PR  status  overall, 
which  suggests  that  SRA  may  subserve  other  functions  in  ER  and  PR  negative 
tumors  compared  to  ER  and  PR  positive  tumors.  However,  subgroup  analysis 
within  a  previous  cohort  (i)  showed  that  SRA  expression  correlated  with  either 
ER  or  PR  depending  on  the  subgroup  considered.  The  general  trend  was  that 
in  tumors  with  a  low  level  of  expression  of  one  receptor  either  ER  or  PR,  a 
positive  correlation  was  found  between  SRA  and  the  second  receptor,  either 
PR  or  ER.  In  contrast  in  tumors  expressing  a  high  level  of  one  receptor,  either 
ER  or  PR,  a  negative  correlation  of  SRA  expression  with  the  level  of 
expression  of  the  second  receptor,  either  PR  or  ER  was  found.  The  functional 
significance  of  such  correlations  is  unclear  at  this  stage,  but  may  reflect 
compensatory  regulation  under  conditions  of  potentially  reduced  steroid 
responsiveness. 

We  have  found  no  correlations  of  SRA  expression  with  different 
percentages  of  epithelial  and  stromal  cell  types  in  either  the  normal  or  the 
tumor  compartments  of  this  cohort  (data  not  shown),  suggesting  that 
differences  in  proportions  of  cell  types  and  cellularity  amongst  the  tissues  is 
unlikely  to  explain  the  results  obtained.  Previously,  SRA  was  shown  to  be 
expressed  in  human  breast  cancer  cell  lines  in  culture  (1),  consistent  with  the 
idea  that  SRA  is  expressed  in  epithelial  cells.  Our  data  are  consistent  with  this 
observation  and  together  the  data  support  the  hypothesis  that  the  expression 
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of  SRA  is  increased  significantly  in  human  breast  cancer  cells  both  in  vivo 
and  in  culture. 

At  least  three  isoforms  of  SRA  RNA,  containing  the  so-called  core 
region  (see  Figure-!)  but  differing  in  the  regions  outside  of  the  core  region, 
both  5’  and  3’,  were  reported  previously  (7).  It  is  the  core  region  of  SRA  which 
is  necessary  and  sufficient  for  the  steroid  receptor  activator  activity  of  SRA. 
The  design  of  our  primers  for  SRA  as  previously  described  (5),  will  detect  all 
SRA  isoforms  containing  core  sequences.  In  the  absence  of  data 
characterizing  potential  individual  functions  of  SRA  isoforms  differing  in  the  5’ 
and  3’  regions  outside  of  an  intact  core  region,  we  assume  that  our 
measurement  of  all  intact  core  SRA  like  RNAs  correlates  with  the  total  SRA 
activity  present  in  any  one  tissue  sample.  These  primers,  however,  also  detect 
a  distinct  but  previously  described  isoform  of  SRA  (Genbank  accession 
number  AA426601)  containing  a  deletion  of  sequences  within  the  SRA  core 
region.  Deletions  within  the  core  region  were  previously  reported  to  result  in 
loss  of  SRA  activator  function  (7).  Although  the  specific  deletion  found  in  the 
naturally  occurring  SRA  deleted  variant  RNA  has  not  been  characterized  per 
se,  the  currently  published  data  suggest  that  it  is  likely  that  this  deleted  variant 
is  inactive  with  respect  to  steroid  receptor  activator  activity.  It  could  therefore 
function  to  alter  steroid  signaling  pathways  in  human  breast  tumors  and  may 
contribute  to  the  more  aggressive  phenotype  associated  with  poorer 
prognosis  breast  tumors,  which  include  characteristics  such  as  high  grade  and 
large  tumor  size. 

In  conclusion  our  data  support  a  significant  upregulation  of  total  core 
SRA-like  expression  and  likely  activity  during  human  breast  tumorigenesis. 
This  upregulation,  in  combination  with  that  of  other  steroid  receptor  activators 
and  increased  expression  of  ERa  are  all  likely  to  contribute  to  altered 
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estrogen  sensitivity  which  occurs  during  and  possibly  contributes  to  human 
breast  tumorigenesis. 
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Legends  to  Figures. 

Figure  1. 

Primers  and  expected  PCR  products  for  core  SRA  and  deleted  SRA. 

SRAcorell  and  SRAcoreL  primers  anneal  with  SRA  core  sequences  (white 
boxes,  bases  28-720,  see  reference  1)  and  allow  the  amplification  of  a  662  bp 
and  a  459  bp  long  fragment  corresponding  to  the  wild-type  SRA  core  mRNA 
and  a  SRA  mRNA  deleted  from  bases  155  to  357  (SRAdel,  see  reference  3), 
respectively.  The  5'  and  3'  variable  regions  of  the  different  SRA  isoforms 
previously  identified  (1)  are  indicated  by  gray  boxes. 

Figure  2. 

Detection  of  SRA  in  normal  breast  tissue  adjacent  to  matched 
primary,  ER+  invasive  breast  cancer.  RNA  extracted  from  matched  breast 
tumors  and  adjacent  matched  normal  breast  tissue  was  extracted  from  19 
different  patients  and  assayed  for  SRA  expression  using  RT-PCR  as  described 
in  Materials  and  Methods.  PCR  products  were  separated  on  6%  acrylamide 
gels,  which  were  dried,  exposed  to  phosphor-imaging  screens,  and  scanned 
using  a  Molecular  lmager™-FX.  A.  A  digitized  image  showing  the  results 
obtained  from  4  sets  of  normal  tissue  (N)  and  matched  tumor  tissue  (T)  is 
shown.  The  arrows  identify  the  expected  662  bp  core  SRA  PCR  product  (SRA 
core,  confirmed  by  sequence  analysis)  and  a  459  bp  deleted  SRA  variant  PCR 
product  (SRAdel),  which  was  identified  by  sequence  analysis  to  correspond  to 
an  SRA  variant  deleted  in  sequences  from  position  155  to  357  (Genbank 
accession  number  AF092038).  B.  Ethidium  bromide  stained  gel  of  the  RT- 
PCR  analysis  of  GAPDH mRNA  run  in  parallel  for  the  same  samples.  The  arrow 
identifies  the  expected  178  bp  GAPDH  PCR  product. 
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Figure  3. 

A.  Comparison  of  the  expression  of  SRA  in  adjacent  normal 
breast  tissue  and  matched  primary  breast  tumors.  For  each  patient  (n 
=  1 9),  SRA  expression  was  quantified  and  expressed  in  arbitrary  units  corrected 
for  GAPDH  signal  as  described  in  the  Materials  and  Methods.  The  results  are 
presented  as  a  scatter  graph.  The  normal  samples  are  represented  by  open 
squares  and  the  tumor  samples  by  filled  squares.  Each  matched  normal  and 
tumor  sample  is  joined  by  a  line.  The  level  of  SRA  expression  in  normal  tissue 
is  significantly  different  to  the  level  of  SRA  expression  in  the  tumor  tissues 
(Wilcoxon  matched  pairs  test,  two-tailed,  p  =  0.0004). 

B.  Comparison  of  the  relative  expression  of  the  deleted  SRA 
variant  in  adjacent  normal  breast  tissue  and  matched  primary 
breast  tumors.  For  each  sample,  the  signal  corresponding  to  the  deleted 
SRA  variant  RNA  (SRAdel)  was  measured  using  Quantity  One™  software 
(Bio-Rad,  Hercules,  CA)  and  expressed  as  a  percentage  of  the  corresponding 
core  SRA  signal  as  described  in  the  Materials  and  Methods.  The  results  are 
presented  as  a  scatter  graph.  The  normal  samples  are  represented  by  open 
squares  and  the  tumor  samples  by  filled  squares.  Each  matched  normal  and 
tumor  sample  is  joined  by  a  line.  There  is  no  significant  difference  between  the 
relative  expression  of  SRAdel  in  normal  samples  and  their  matched  adjacent 
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Expression  of  a  Repressor  of  Estrogen  Receptor  (ER)  Activity 
(REA)  in  Human  Breast  Tissues.  Simon  SLR,  Parkes  A,  Leygue  E, 
Dotzlaw  H,  Watson  PH*,  Murphy  LC.  Dept  of  Biochemistry  &  Medical 
Genetics;  *Dept  of  Pathology,  University  of  Manitoba,  Winnipeg, 
Canada.  R3E0W3. 

ERa  &  some  coactivators  are  upregulated  during  breast  tumorigenesis. 
Recently,  REA/B  AP37  was  identified  as  a  repressor  of  ER.  It  was 
relevant  therefore  to  determine  if  REA  was  expressed  in  breast  tissue  & 
if  so  was  its  expression  altered  during  tumorigenesis.  We  measured  REA 
mRNA  levels  in  normal  &  neoplastic  human  breast  tissues.  A  single 
~1.7  kb  REA  mRNA  was  identified  by  Northern  blot  in  breast  cancer 
cells  and  biopsies.  REA  mRNA  was  measured  by  RT-PCR  in  ER+ 
breast  tumors  &  matched  adjacent  normal  tissue.  Some  breast  tumors 
(12/19)  contained  higher  levels  of  REA  mRNA  than  their  normal  tissues, 
but  this  was  not  statistical  significant,  although  SRA  mRNA,  an  ER 
coactivator,  was  significantly  increased  in  tumors  vs  matched  normal 
tissue  in  this  set  (Wilcoxon,  P=0.0004).  REA  mRNA  levels  varied 
amongst  tumors  and  were  found  to  be  positively  correlated  (Spearman 
r=0.323,  P=0.042)  with  ER  level  (determined  by  ligand  binding)  and 
inversely  correlated  with  grade  (Spearman  r=-0.438,  P  =  0.0054). 
However,  estrogen  did  not  regulate  REA  mRNA  expression  in  MCF7 
cells.  These  data  suggest  that  while  REA  expression  may  not  be  altered 
in  early  breast  tumorigenesis,  altered  regulation  may  contribute  to  breast 
cancer  progression 


4G33 


2.  Abstract  is  SPONSORED  by: 

(See  Directory  of  Members  for  Member  No.) 

IlMcRP  Name 


Type  abstract  within  black  lines.  See  sample  abstract. 
Member  No.  6.  Abstract  to  be  PRESENTED  by: _ AJ/V — 


(If  an  AACR  Member.) 


Member  No. 


Leigh 


(Please  Print) 

Dept 


4- 


jiCC GeTM6TKS  Address 


u  >N  >  V  OH  I/VUW  TPg>  A 


l/J  i  I'M  ro  i  g 


mL 


E-QC02~> 


_  City,  State 
Zip/Postal  Code  CH°rPoA  D  A  Country 
Telephone  No.  -  S0!01--'  FAX  No. 


3  04-  .  . - 

i— c  pool  o. P  h  <D  Cc -  y-i  i  -Vo La  •  c  &. 


E-Mail  Address 


“S’  Hr  A  2-C  rsl  U-F2,  Si  C  . 

Name 

( Please  Print) 

«,fivn£  ■£.  pcrf'J~<0<2-. 

Address 

City,  State 

Zip/Postal  Code 

Country 

Telephone  No. 

FAX  No. 

rennleGl  Q  cc.  (XndOn  1  Eobo.  .  Co. 

E-Mail  Address 

3.  As  the  SPONSOR  of  this  abstract  and  on  behalf  of  all  the  authors, 

I  hereby  indicate  my  support  for  the  data  contained  herein. 

_ Signature  of  SPONSOR 

'  / 

omplete  only  if  SPONSOR  is  an  Associate  Member)  I,  the  undersigned 
Active  or  Corresponding  Member  in  good  standing,  Emeritus  Member, 
or  Honorary  Member,  endorse  the  content  of  this  abstract,  for 
which  the  above-named  Associate  Member  is  sponsor  and  presenter. 
(See  regulations  applying  to  Associate  Members  on  page  5.) 

Name 


7.  As  the  PRESENTER  and  as  an  author  of  this  abstract  and  on  behalf 
of  all  the  authors,  I  hereby  give  exclusive  permission  to  the  American 
Association  for  Cancer  Research,  Inc.  to  record  my  presentation  at  the 
2000  Annual  Meeting  and  to  collect  all  revenue  from  subsequent 
audiocassette  sales.  I  also  acknowledge  that  I  am  enclosing  a  completed, 
signed  original  of  the  Copyright  Transfer/Disclosure  Form. 

Signature  of  PRESENTER 


(Please  Print) 


Signature 


Member  No. 


8.  Payment  of  US$40  Abstract  Submission  Fee. 

□  Check  is  enclosed.  Please  list  name  of  PRESENTER  on  the  check. 

□  1  authorize  you  to  charge  my  credit  card  for  the  abstract  submission  fee. 
□  VISA  □  MasterCard  □  American  Express 


5.  Eligibility  for  Young  Investigator  Awards  (American  and  International) 
The  PRESENTER  of  this  abstract  is  a  medical  or  graduate  student, 
medical  resident,  or  postdoctoral  or  clinical  fellow. 

□  B.  The  PRESENTER  meets  the  criteria  in  Box  A  above  and  is  also  a 
minority  scientist  as  defined  by  the  National  Cancer  Institute  (see 
page  7). 

□  C.  The  PRESENTER  of  this  abstract  is  a  full-time  faculty  member  at 
a  Historically  Black  College  or  University  (HBCU). 


Card  No.  Expiration  Date 

Cardholder  Name  (PRINT)  Signature 

Please  check  all  the  'information  you  have  entered  for  correctness  and  adherence  to  AACR  submission  rules. 
Infractions  of  sponsorship  regulations  will  result  in  the  rejection  and  return  of  the  abstract  to  the  SPONSOR 
without  consideration  by  the  Pmgrarn  Committee.  Infractions  of  format i  including  forms  submitted  without 
j}ie  required  signatures,  will  result  in  a  fee  of  US$40  which  will  be  billed  to  the  SPONSOR. 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  MEDICAL  RESEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 
FORT  DETRICK,  MARYLAND  21702-5012 


REPLY  TO 
ATTENTION  OF: 


MCMR-RMI-S  (70-ly) 


21  Feb  03 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 
Center  (DTIC-OCA) ,  8725  John  J.  Kingman  Road,  Fort  Belvoir, 
VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 


1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  this  Command.  Request  the  limited 
distribution  statement  for  the  enclosed  accession  numbers  be 
changed  to  "Approved  for  public  release;  distribution  unlimited 
These  reports  should  be  released  to  the  National  Technical 
Information  Service. 


2.  Point  of  contact  for  this  request  is  Ms.  Kristin  Morrow  at 
DSN  343-7327  or  by  e-mail  at  Kristin.Morrow@det.amedd.army.mil. 

FOR  THE  COMMANDER:  _  -  /  / 


Enel 


t/w! 

Depiijty  C 
Inform 


INEHA^T 

ef  of  Staff  for 
ion  Management 


ADB263458 

ADB282174 

ADB270704 

ADB282196 

ADB264903 

ADB268484 

ADB282253 

ADB282115 

ADB2634 13 

ADB269109 

ADB282106 

ADB262514 

ADB282264 

ADB256789 

ADB251569 

ADB258878 

ADB282275 

ADB270822 

ADB282207 

ADB257105 

ADB281673 

ADB254429 

ADB282110 

ADB262549 

ADB268358 

ADB257359 

ADB265810 

ADB282111 

ADB273020 

ADB282185 

ADB266340 

ADB262490 

ADB266385 

ADB282181 

ADB262451 

ADB2663  06 

ADB260298 

ADB269253 

ADB282119 

ADB261755 

ADB2573  98 

ADB267683 

ADB282231 

ADB2344  75 

ADB247704 

ADB258112 

ADB267627 


ADB282838 

ADB233  092 

ADB26392? 

ADB282182 

ADB257136 

ADB282227 

ADB282177 

ADB263548 

ADB246535 

ADB282826 

ADB282127 

ADB271165 

ADB282112 

ADB255775 

ADB265599 

ADB282098 

ADB232738 

ADB243196 

ADB257445 

ADB267547 

ADB277556 

ADB239320 

ADB253648 

ADB282171 

ADB233883 

ADB257696 

ADB232089 

ADB240398 

ADB261087 

ADB249593 

ADB264542 

ADB282216 

ADB261617 

ADB269116 


